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The Alaudidae (larks) is a large family of songbirds in the superfamily Sylvioidea. Larks are cosmopolitan, 38 although species-level diversity is by far largest in Africa, followed by Eurasia, whereas Australasia and 39 the New World have only one species each. The present study is the first comprehensive phylogeny of 40 the Alaudidae. It includes 83.5% of all species and representatives from all recognised genera, and was 41 based on two mitochondrial and three nuclear loci (in total 6.4 kbp, although not all loci were available 42 for all species). In addition, a larger sample, comprising several subspecies of some polytypic species was 43 analysed for one of the mitochondrial loci. There was generally good agreement in trees inferred from 44 different loci, although some strongly supported incongruences were noted. The tree based on the 45 concatenated multilocus data was overall well resolved and well supported by the data. We stress the 46 importance of performing single gene as well as combined data analyses, as the latter may obscure 47 significant incongruence behind strong nodal support values. The multilocus tree revealed many unpre-48 dicted relationships, including some non-monophyletic genera (Calandrella, Mirafra, Melanocorypha, 49 Spizocorys). The tree based on the extended mitochondrial data set revealed several unexpected deep 50 divergences between taxa presently treated as conspecific (e.g. within Ammomanes cinctura, Ammomanes 51 deserti, Calandrella brachydactyla, Eremophila alpestris), as well as some shallow splits between currently 52 recognised species (e.g. Certhilauda brevirostris-C. semitorquata-C. curvirostris; Calendulauda barlowi-C.
53
erythrochlamys; Mirafra cantillans-M. javanica). Based on our results, we propose a revised generic clas-54 sification, and comment on some species limits. We also comment on the extraordinary morphological 55 adaptability in larks, which has resulted in numerous examples of parallel evolution (e.g. in Melanocory-56 pha mongolica and M. leucoptera [latter here proposed to be moved to Alauda]; Ammomanopsis grayi and 57 Ammomanes cinctura/deserti; Chersophilus duponti and Certhilauda spp.; Mirafra hova [here proposed to be 58 moved to Eremopterix] vs. several other Mirafra spp.), as well as both highly conserved plumages (e.g. 59 within Mirafra) and strongly divergent lineages (e.g. Mirafra hova vs. Eremopterix spp.; Calandrella cinerea 
Introduction
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The family Alaudidae, larks, comprises 97 species in 21 genera 69 (Gill and Donsker, 2012; Spottiswoode et al., in press) skewed. In terms of current distribution and diversity, the dae is primarily an African and secondarily a Eurasian family. enty-eight species occur in Africa, with 60 endemic to sub-Saharan 78 Africa. Eurasia has 37 species, with one, Mirafra javanica, extending 79 its range to Australia, as the only representative of this family on 80 that continent (de Juana et al., 2004; Gill and Donsker, 2012) . A sin-81 gle widespread species, the Horned Lark Eremophila alpestris, is na-82 tive to the New World as well as much of the Palearctic. All 21 83 genera are represented in Africa, with 13 in Eurasia and one each 84 in Australasia and the New World (de Juana et al., 2004; Gill and 85 Donsker, 2012) . In Africa, lark species richness is greatest in 86 semi-arid and arid regions (Dean and Hockey, 1989) . There are (Bannerman, 1927; Guillaumet et al., 2008;  99 Kleinschmidt, 1907 Kleinschmidt, , 1912 Meinertzhagen, 1951; Niethammer, 100 1940; Vaurie, 1951) . In most species, there is no sexual dimor-101 phism in plumage, although males average larger than females. former, males average 13-14% heavier than females; Cramp, 105 1988; de Juana et al., 2004) . In contrast to their cryptic plumages, 106 most species have well developed songs, and some species, e.g.
107
Alauda arvensis, are renowned songsters. Most species also have 108 elaborate song flights. Presumably in association with diet (e.g., 109 many species consume seeds in addition to arthropod prey), bill 110 morphology varies considerably among species, and in some spe-111 cies, also between the sexes (e.g. Alauda razae and the long-billed 112 lark complex; Burton, 1971; Cramp, 1988; Donald et al., 2007; 113 Ryan and Bloomer, 1999). 114 Morphologically, the family Alaudidae constitutes a well de-115 fined group, whose members share unique features of the syrinx 116 (Ames, 1971) and tarsus (Rand, 1959) . As a result, the limits of rines (e.g. del Hoyo et al., 2004; Peters, 1960) , whereas based on 121 DNA-DNA hybridization they were placed in the superfamily 122 Passeroidea (Sibley and Ahlquist, 1990; Sibley and Monroe, 123 1990 clade to the rest of the Sylvioidea (Alström et al., 2006; Ericson 128 and Johansson, 2003; Fregin et al., 2012) . 129 Traditionally, the designation of lark genera has been based on 130 morphology. However, bill structure and plumage vary consider-131 ably with diet and habitat (e.g. Cramp, 1988; del Hoyo et al., 132 2004) and therefore are likely to be unreliable for phylogenetic 133 assessment. Consequently, the number of genera and their compo-134 sition have fluctuated dramatically over the years (e.g. Clancey, 135 1966 Clancey, 135 , 1980 Dean et al., 1992; de Juana et al., 2004; Dickinson, 136 2003; Harrison, 1966; Macdonald, 1952a Macdonald, ,b, 1953 Maclean, 1969; 137 Meinertzhagen, 1951; Pätzold, 2003; Peters, 1960; Roberts, 1940; 138 Vaurie, 1951; Verheyen, 1958; Wolters, 1979 taxonomy has received much attention in Africa (Clancey, 1989; 144 Lawson, 1961; Meinertzhagen, 1951; Winterbottom, 1957), and 145 Eurasia (Dickinson and Dekker, 2001; Meinertzhagen, 1951; Vau-146 rie, 1951 Vau-146 rie, , 1954 . Recent studies based on molecular and/or vocal 147 data have revealed considerable hidden diversity and taxonomic 148 confusion in some taxa (Alström, 1998; Ryan et al., 1998; Ryan 149 and Bloomer, 1999; Guillaumet et al., 2005 Guillaumet et al., , 2006 Guillaumet et al., , 2008 African species (Tieleman et al., 2002 (Sambrook et al., 1989 and 2 (RAG). At GU, amplification and sequencing of cytb followed 207 the protocols described in Olsson et al. (2005) . At UP, cytb was 208 amplified and sequenced using primers L14841 and H15696 and 209 L15408 and H15915 (Edwards et al., 1991; Kocher et al., 1989; 210 Pääbo et al., 1988) with primer annealing at 50-52°C. Amplifica-211 tion and sequencing of cytb at UMN, differing from the above pri-212 marily in the exact primers used, followed protocols described in 213 Barker et al. (2008) .
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At UP, a 1702 base pairs (bp) segment of the 16S rRNA gene was 215 amplified using the primers L2313 and H4015 (Lee et al., 1997) ; an 216 internal primer L2925 (Tieleman et al., 2002) 
240
Sequences were aligned using Muscle (Edgar, 2004) Ronquist, 2001; Ronquist and Huelsenbeck, 2003) as follows: (1) 246 All loci were analysed separately (single-locus analyses, SLAs). (2) 247 Sequences were also concatenated, partitioned by locus (in total 248 5 partitions), using rate multipliers to allow different rates for dif-249 ferent partitions (Nylander et al., 2004; Ronquist and Huelsenbeck, 250 2003). We also ran analyses where, in addition to the five locus-251 specific partitions, the coding sequences were partitioned by codon 252 (in total 9 partitions). (3) All analyses were run under the best-fit 253 models according to the Bayesian Information Criterion (BIC), cal-254 culated in jModeltest 0.1.1 (Posada, 2008a,b) , as well as (4) Yang, 1994) and an estimated propor-259 tion of invariant sites (I; Gu et al., 1995) . For cytb, 16S and RAG, the 260 model selected by the BIC was the general time-reversible (GTR) 261 model (Lanave et al., 1984; Rodríguez et al., 1990; Tavaré, 262 1986) + C + I. For myo and ODC, the HKY model (Hasegawa et al., 263 1985) + C was chosen by the BIC. Ambiguous base pairs and indels 264 were treated as missing data, but indels were plotted on the trees a 
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The cytb data set with multiple subspecies was analysed in 287 BEAST version 1.7.4 Rambaut, 2007, 2012) . XML (Stamatakis, 2006; Stamatakis et al., 2008) on the Cipres portal 309 (Miller et al., 2010) . The data were partitioned by locus, and as ''Strong conflict'' means PP P 0.95 for alternative relationship than the one in this figure.
2 Strongly contradicted in analysis of extended cytb dataset (cytbE; Fig. 2 ).
3 PP P 0.95 in cytbE.
4
M. yeltoniensis + M. calandra are supported as sisters with PP 1.00 in SLA of RAG, whereas M. mongolica is outside Melanocorypha clade (not strongly supported). The tree based on the concatenated multilocus data ( Chronogram for Alaudidae based on cytochrome b sequences and a relaxed molecular clock (2.1%/MY), inferred by Bayesian inference. Blue bars at nodes represent 95% highest posterior density intervals for the node ages. Posterior probabilities are indicated at the nodes; an asterisk represents posterior probability 1.00; only values P0.95 are indicated. Species for which no subspecific names are given are regarded as monotypic. Coloured lines indicate age of youngest widely sympatric, reproductively isolated sister pair (red); youngest marginally sympatric, reproductively isolated sister pair (orange); youngest allo-/parapatric sister pair treated as separate species according to Gill and Donsker (2012) (purple); and oldest divergence between taxa treated as conspecific according to Gill and Donsker (2012) (Meinertzhagen, 1951; Pätzold, 2003; Peters, 1960 (Pätzold, 2003; Wolters, 1979) and Heliocorys (Wolters, 1979), 530 respectively.
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The generic affinity of the Raso Island (Cape Verde) endemic 532 Alauda razae has long been unsettled. This species has been placed 533 in Spizocorys (Boyd Alexander, 1898), Calandrella (Meinertzhagen, 534 1951; Pätzold, 2003; Peters, 1960; Vaurie, 1959) Peters, 1960; Wolters, 1979) , whereas S. starki has variously 550 been placed in Calandrella (Meinertzhagen, 1951; Peters, 1960;  551 Wolters, 1979) or Eremalauda (Dean, 1989; Dean et al., 1992; Dick- between Mirafra and Heteromirafra has formerly been assumed 577 (Dean et al., 1992) , and the latter genus has been synonymized 578 with the former (Pätzold, 2003) . and they have variously been placed in Certhilauda (Dean et al., 611 1992; Dickinson, 2003; Meinertzhagen, 1951; Pätzold, 2003; Pe-612 ters, 1960) or Calendulauda (de Juana et al., 2004; Wolters, 1979) .
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C. burra has been placed in Ammomanes (Meinertzhagen, 1951; 614 Pätzold, 2003; Peters, 1960) , Certhilauda (Dean et al., 1992; Dickin-615 son, 2003) or Calendulauda (de Juana et al., 2004; Wolters, 1979) .
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The four remaining species in clade B2 (C. africanoides, C. alopex,
617
C. poecilosterna, C. sabota) have all been placed in the genus Mirafra 618 (Dean et al., 1992; Dickinson, 2003; Pätzold, 2003; Peters, 1960), 619 or, the two latter, in Sabota (Wolters, 1979) tionships between E. signatus and E. verticalis and between E. leu-632 copareia and E. griseus, respectively (Dean et al., 1992) Mirafra (Meinertzhagen, 1951; Peters, 1960) . 648 Clade C2 contains a heterogeneous collection of species, which 649 separate into three main lineages that in effect form a trichotomy.
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One of these (C2a) contains the Certhilauda species, of which five 651 (all except C. chuana) have previously been treated as conspecific 652 (see Section 4.3). The suggestion that C. chuana be placed in Mirafra 653 (Pätzold, 2003; Peters, 1960 ) is strongly rejected. One (Peters, 654 1960) or both (Pätzold, 2003) of the two species of Chersomanes 655 (C2b), which have frequently been treated as conspecific (see tion 4.3), have also been placed in the genus Certhilauda. Ammo-657 manopsis grayi has usually been placed in Ammomanes (Dean 658 et al., 1992; Dickinson, 2003; Pätzold, 2003; Meinertzhagen, 659 1951; Peters, 1960; Wolters, 1979) , but was moved to the mono- 
Taxonomic implications at the generic level
668
Our findings highlight the large number of relationships sug-669 gested by molecular data that conflict with previous morphol-670 ogy-based classifications (e.g. Dickinson, 2003; Meinertzhagen, 671 1951; Pätzold, 2003; Peters, 1960; Sibley and Monroe, 1990; Wol-672 ters, 1979; cf. ready done by Wolters, 1979 , except for the last one, which was 709 placed in the genus Calandrella). Guillaumet et al. (2005 Guillaumet et al. ( , 2006 Guillaumet et al. ( , 2008 for which a short cytb fragment indicated substantial divergence 755 from praetermissa (Guillaumet et al., 2008) .
756
The taxonomy of the Calandrellarufescens-C. cheleensis-C. athen-757 sis-C. raytal complex has been much debated (e.g. Dickinson, 2003;  758 Dickinson and Dekker, 2001; de Juana et al., 2004; Gill and Dons-759 ker, 2012; Hall and Moreau, 1970; Meinertzhagen, 1951; Peters, 760 1960; Sibley and Monroe, 1990; Stepanyan, 1967; Wolters, 761 1979), although there is no consensus among authors regarding Calandrella brachydactyla has been treated as a subspecies of C.
775
cinerea (e.g. Meinertzhagen, 1951; Pätzold, 2003; Peters, 1960; 776 Stepanyan, 1990; Vaurie, 1959) , but is nowadays usually consid-777 ered a separate species (e.g. Cramp, 1988; Dean et al., 1992; de 778 Juana et al., 2004; Dickinson, 2003; Gill and Donsker, 2012; Glutz 779 von Blotzheim and Bauer, 1985; Hall and Moreau, 1970; Sibley 780 and Monroe, 1990; Wolters, 1979) . Meinertzhagen (1951) species (Dean et al., 1992; Sibley and Monroe, 1990) . Ryan et al. 846 (1998) suggested, based on a study of cytb, morphology and song, 847 that three species should be recognised, and this has been followed 848 by most subsequent authors (Dickinson, 2003; de Juana et al., 2004; 849 Gill and Donsker, 2012; Hockey et al., 2005 The two Chersomanes species (C2b) were previously often con-893 sidered conspecific (Dean et al., 1992; Pätzold, 2003) Ammomanopsis and its closest relatives, Chersomanes and Certhilau-930 da, suggests strong divergence in the former.
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The sister relationship between the genera Calandrella (as rede- ca), which has been assumed to be due to close relationship (e.g. 955 Pätzold, 2008; Wolters, 1979) is apparently due to parallel evolution.
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Apart from Melanocorypha yeltoniensis, the sparrow-larks Ere- 
